Gaucher disease is one of the common lysosomal storage diseases widespread all over the world. It is divided into three types such as type 1 (non-neuropathic), type 2 (acute infantile neuropathic) and type 3 (chronic neuropathic). This is caused by the deficiency of glucocerebrosidases from the midpoint nervous system. Recent years, computational tools are very important and play a vital role in identifying new leads for disease treatment. This study was performed to screen the effective bioactive molecules against glucocerebrosidases. In this study, Molecular docking and ADME profiles of bioactive molecules were found with the help of Schrödinger software. Results showed that, (−)-epicatechin are having best docking score and good binding affinity than other ligands. Hence, we concluded that the (−)-epicatechin may be a better drug candidate for gaucher disease which can be explored further.
Introduction
Gaucher disease (GD) is a most common metabolic storage disorders and is mainly caused due to the deficiency of acid β-glucosidase in human (Brady et al. 1965 (Brady et al. , 1966 . It causes metabolic dysfunctions that include hepatosplenomegaly, cytopenias, bone disease, and central nervous system disorders (Mistry et al. 1992; Horowitz and Zimran 1994; Stone et al. 2000) . Gaucher disease is displayed clinically in a heterogeneous disorder and also it is divided into three phenotypes: type 1-neuronopathic disease, which is the majority of widespread variant accounting for more than 90% of all the cases. Acute neuronopathic is a type 2 gaucher disease, and the chronic neuropathic disease is a type-3 gaucher disease (Beutler and Grabowski 2001; Schueler et al. 2003; Mankin et al. 2001) . The gene mutations lead to the amino acid replacement in glucocerebrosidase which can reduce the protein stability reducing the essential catalytic activity (Mistry et al. 1992) .
The pathological studies showed that the macrophages are infiltrated into the affected cells accounts for illnesses in the liver, spleen, bone marrow, skeleton, lungs, and occasionally in lymph nodes (Lu et al. 2010) . The storage of the glucocerebroside damages the midpoint of nervous system at brain (Bhatia et al. 2002) . Acid β-glucosidase (E.C.3.2.1.21) is widespread in plant kingdom (Ketudat et al. 2010) and it cleaves the β-1,4-glucosidic bonds in an assortment of naturally occurring glucosidases. This enzyme plays a vital role in the functions of cell wall catabolism and animal metabolism in certain organism. It also interacts with plant and microbes that are involved to stimulating the plant defence mechanisms against certain pathogens and releasing the plant hormones (Xue et al. 2009 ).
Acid β-glucosidase has been used to hydrolyze the flavanoids and isoflavonoid glucosides. These molecules are available naturally in plants and plant products such as fruits, red wines, soybeans, tea, and vegetables. There are two kinds of treatments recently available for treating the 1 3 3 Page 2 of 11
Gaucher disease namely enzyme replacement therapy (ERT) and substrate reduction therapy (SRT) (Barton et al. 1991; Grabowski et al. 1995) . The enzyme replacement therapy is not available in everywhere in the world and not affordable to common people. Hence, this study seeks alternative therapy for Gaucher diseases. The ultimate aim of the study is to find an alternate drug molecule from naturally available bio active products using computational tools, mainly involving molecular docking and ADMET analysis.
Materials and methods

Software and hardware
The computational analysis was carried out in Maestro 10.2 version packages like ligprep, sitemap, grid generation and glide XP dock . DELL PRECISION T1700 workstation machine running on Intel (R) Core (TM) i5-4590 CPU processor with 8 GB RAM and 240 GB hard disk on centos Linux as the operating system was used for this study.
Databases
In this study, 29 natural occurring bio-active compounds and 2 synthetic drugs were selected for this docking analysis. All these ligand molecules were retrieved from the chemical database (www.chems pider .com). The target was retrieved from the protein databank (PDB) (Berman et al. 2000) .
Protein preparation
The target was taken and further prepared using Protein preparation wizard tool in Maestro 10.2 version. It is a vital step as it solves the problems present in the target molecule includes missing side chains, back chains are added and also updating molecule missing residues. This process was displayed the target heteromers and water molecules. We have removed the water molecules and it also there increasing the entropy of target molecule.
Validation of binding site and grid generation
Binding site validation is an important step in molecular docking. This process will cover entire protein molecule for validating active sites by using sitemap tool in maestro. And also it was showed that binding cavity active residues, volume of the site and site score. Based on this analysis, the selected site was taken further for grid generation. It was fixed that the ligand binding cavity is from target molecule. The selected ligand molecules are docked with acid-beta-glucosidase in order to find out the docking parameters with the help of Grid-based ligand docking (Glide, module 4.4 module 2012) . Docking at the centroid of binding cavity grid box is generated with X 5.3; Y 3.71; Z − 20.86 coordination.
Ligand preparation
Ligand molecule of the phytocompounds was converted into 3D structure by using ligprep tool. The drawn ligand was geometry optimized via Optimized Potentials for Liquid Simulations 2005 (OPLS62005) force field (Ligprep, module 4.4 2012) . Partial atomic charges are also computed by the OPLS62005 force field. Ligprep tool was used to generate 3D structures from 1D (Smiles) to 2D (SDF) representation, probing for tautomers and steric isomers and geometry minimization of the small molecules.
Molecular docking
Molecular docking predicts the ligand preferred orientation to a receptor when interacting with each other in order to form a higher stability complex. In this study, Maestro 10.2 version tool was used to perform extra precision (XP) docking for predicting the binding affinity, analyzing ligand efficiency, and inhibitory constant of ligand against target. Here, whole ligands are docked with the active site of target by using Glide Xtra precision (XP) tool which docks ligands flexibly to the target. Upon docking study, the suitable small molecules will have an available poses and also get better docking score with accurate hydrophobic contacts between target residues to ligand . ADME profile ADME profiles of the ligands are very important to know the druggability before it reaches to pharmaceuticals preparation. Recently, available gaucher drugs are highly expensive, that are only available in few developed countries. Therefore, to discover an anti-gaucher disease lead from bioactive molecules, it should possess good drug potentiality and free from toxicity. Present study has selected 29 bioactive molecules obtained from chemical databases for docking and their absorption, distribution, metabolism and excretion (ADME) properties using QikProp v4.4 module in Schrödinger suite (Quikprop, module 4.4 2012) . Some of the major toxicity parameters included were liver toxicity, evaluation of Lipinski's rule of five. Bio active molecules that have better docking poses and ADME parameters were classified to docking etiquette rationale study .
Results and discussion
Target site
A binding site analysis was carried out by using Sitemap. Here, entire selected ligand molecules were binding with the cavity of enzyme acid-beta-glucosidase. Thus the active site was analyzed on the modelled target. The active site residues as follows ASP 27, ARG 2, PRO 3, ALA 1, GLU 50, ARG 48, CYS 4, LYS 413, TYR 418, ASP 24, SER 25, PHR 26, LEU 51, PRO 29, TYR 40, HIE 451, GLU 111, GLN 169, LYS 425 and PRO 30 (Fig. 1) . The target site was showing much electrostatic interaction between ligands to target. Similar studies have been carried out for HCV NS5B target by using the tool of Molecular Operating Environment (MOE) software (Pandey et al. 2016 ).
Molecular docking
Molecular docking is one of the most widespread methods to explore the interactions between ligand and proteins. Docking reveals, the efficient ligand molecule that has better binding with that of target and it also shows the H-bond binding affinity (both side chain and backbone) and pi-pi interactions. During the docking analysis, there are participating so much of inter-atomic interactions essentially electrostatic energy and van der wall forces. These binding affinities are strongly relied on contribution from other factors such as entropy, de salvation and flexibility of receptor molecule to the ligand.
(−)-Epicatechin
Among the 29 ligands, (−)-epicatechin was found to have a superior docking score than other ligands − 7.953 (Table 1) . This ligand's hydrogen, ammonia and functional groups were interacted with target residues. The interacting residues are as follows. They are ARG 2, ASP 27, SER 25, ARG 48 and GLU 50 (Fig. 2) . The ligand to target residues contacts distances were measured and it is showed in Fig. 2 . The interaction figure of (−)-epicatechin, as well as target shows the contacts of H-bonds namely HB side chain and HB back chain. Here, two lines of the contacts were displayed at the structure of interaction map. The initial one is HB side chain (blue dotted straight line). The second one is HB back chain (blue solid straight line). Through the two-dimensional interaction map, the ligand hydroxide, oxygen, and other groups interactions are shown. SER 25, ARG 42 and ASP 2 residues were displayed solid straight line contacts with that ligand hydroxide groups. ASP 27 and GLU 50 were represented as the contacts in hydroxide groups also. The molecule (−)-epicatechin is mainly found in fruits, vegetables, and teas. Catechin, (−)-epicatechin, epigallocatechin-3-gallate, epigallocatechin, and (−)-epicatechin gallate, are flavanols or polyphenols. (−)-Epicatechin is a sort of polyphenolic flavonoids which has identified and isolated from variety of medicinal plants such as Ricinus communis (Zahir et al. 2011) , Theobroma cacao (Erlejman et al. 2008) , Rubus coriifolius (Alanís et al. 2003) , Camellia sinensis (Sannella et al. 2007 ), Crataegus laevigata (Kirakosyan et al. 2003) and Carapa guianensis (Qi et al. 2003) . It is as essential phytoconstituents which is having wide spectrum of biological activities against certain globally challenged diseases and their related disorders as well. (−)-Epicatechin has tested on various diseases cell lines (SH-SY5Y-neuroblastoma), HepG2-hepatoma and MCF-7-breast cancer) for scrutinize the molecule biological efficiencies (Erlejman et al. 2008; Ramiro-Puig and Castell 2009; Granado-Serrano et al. 2010; Rodgers and Grant 1998) . Previously, Paul et al. (2016) reported that the (−)-epicatechin posses good energy values with the viral proteins of DENV1, DENV2, DENV3 and DENV4. From their study, we found that one of the polyphenol flavonoids of catechin was also revealed superior glide energy values than other ligands with DENV 1-DENV 4. The previous report revealed that the potentiality of (−)-epicatechin against Paramphistomum cervi. It was firstly isolated from Ricinus communis which also recorded as better vivacious molecule for Paramphistomum cervi (Livestock disease causing parasites) in first time (Zahir et al. 2011) . They consider that the molecule will be a better drug candidate for that parasite related diseases in animals. Monsalve et al. (2017) review stated that the efficacy of (−)-epicatechin containing medicinal plants and its diverse assortment of biological activities. It has also been reported as beneficial bioactive molecules, due to their antioxidant properties (Chobot et al. 2009 ). For the most part, it has been involved in oxidative stress protection and apoptosis (Thorpe et al. 2004 ).
Apigenin
Apigenin is a second leading docking score − 7.505. Apigenin is having interactions with the target residues respectively ASP 27, ASP 24 and CYS 4 (Fig. 3) . Molecular structure was represented as these residues contacts distances. ASP 27 and ASP 24 were represented in blue dotted aero line with contacts on ligand hydroxide groups. CYS 4 was displayed the contacts in the molecule of apigenin hydroxide group. Apigenin is a sort of flavonoids molecule which is well known active molecule compounds of flavonoids of medicinal plants. Flavonoids are the most important component of the secondary metabolites of medicinal plants (Kim et al. 2003) . The flavonoids are recognized to functioned as an essentially in the management of disorders and diseases in human (Husain et al. 2017) . The phytoconstituent of apigenin is protecting from the diverse range of diseases complications. Apigenin and isoflavones, which are known to reveals potent antibacterial activities against various pathogenic organisms. Their assessment of anti-microbial achievement is possibly associated to their efficiency to inactivate microbial adhesins, enzymes and cell transport proteins. Moreover, the apigenin has reported to the glucose intolerance through inhibition of microRNA maturation in transgenic mice (Ohno et al. 2013) . Apigenin, which is present in numerous fruits and vegetables, also have different biological properties including enhancement of the malignant cells response to chemotherapy (Chan et al. 2012 ), tumorigenesis (Mafuvadze et al. 2012 ), altering immune cell functions (Nicholas et al. 2007) , and anti-platelet action (Landolfi et al. 1984 (Zhao et al. 2011; Havsteen 2002) , anti-microbial (Koo et al. 2002) , anxiolytic (Kumar and Sharmal 2006) , anti-depressant (Li et al. 2015; Hollman and Katan 1999) , neuroprective capability (Zhang et al. 2009; Liu et al. 2013; Zhao et al. 2013a; Ha et al. 2008; Zhang et al. 2014; Patil et al. 2014; Zhao et al. 2013b ), anti-chikungunya (Murali et al. 2015) and anti-inflammatory (Sithisarn et al. 2013; Drummond et al. 2013) . Based on the computation analysis, we confirmed that the molecule will be represent good biological activities in gaucher diseases affected patients which was confirmed by this research outcomes (docking scores, hydrogen bond interactions and glide energy values).
d-(+)-Catechin
The third docking scores were received the ligand d-(+)-Catechin − 7.353. d-(+)-Catechin interacts with the following target residues ASP 27, ASP 24, ALA 1 and TYR 40. Residues of ASP 27, ASP 24 and TYR 40 were formed h-bond side chain contacts with ligand hydroxide groups. ALA 1 was formed h-bond back chain with ligand hydroxide group (Fig. 4) . Similar computational reported that the polyphenol flavonoids compound of catechin has exhibited better glide energy values with DENV 1-DENV 4. However, it's also having acid-beta-glucocerebrosidase complications reducing capability (Paul et al. 2016 ). This was confirmed by present computational analysis.
Mangiferin
Mangiferin had lowest docking scores when compared with d-(+)-Catechin. ASP 27, ASP 24 and LEU 51 residues were interacting with the ligand. This interaction map was showed that type ligand binding affinities. From this interaction map examination ASP 24 and ASP 27 residues were formed h-bond chain contact with ligand hydroxide groups. LEU 51 residues was formed h-bond back chain with ligand hydroxide group (Fig. 5) . Mangiferin is largely presence in the bark of Mangifera indica. It has precious pharmacological properties, which also having lots of health benefits including immunoregulation, cardio protective, memory enhancement, antiviral, luxitive, etc. The important and potentialities of Mangifera indica and their molecule mangiferin have been clearly reported by in silico, in vitro and in vivo approaches (Parvez 2016) . Numerous studies documented that the molecule mangiferin is a vivacious promising bio-active molecule of mango (Mangifera indica L.). Particularly, the stem bark and leaf have accredited the significant biological actions to the human being (Sánchez et al. 2000) . Previously, the different parts of Mangifera indica have been carried out Fig. 4 Epicatechin molecular structure was showed that ligand residues contacts, residues bonding distances and their contacts types in various pharmacological analyses, which are involved in extensive biological actions. These include antioxidant, anti-cancer, anti-microbial, anti-atherosclerotic, anti-allergenic, anti-inflammatory, analgesic, and immunomodulatory amongst numerous others. (Rouillard et al. 1998 ) research has examined the anti-oxidant probability of mangiferin by in vitro analysis. Additionally, the mangiferin has treated for stimulating immune cells and it was also used for inhibiting the viral replications (Zheng and Lu 1990) , as well it was launch to defend from the hepatocytes, lymphocytes, neutrophils, and macrophages from oxidative stress; diminishes atherogenicity in streptozotocin injected diabetic rats; and to decrease the streptozotocin-induced damages like cardiac and renal tissues in rats (Muruganandan et al. 2002 (Muruganandan et al. , 2005 . Based on the computational outcome, we confirmed that this molecule may have potential drug properties to escape from the affection of gaucher disease.
Syringic acid
Among the 29 molecules, syringic acid had an intermediate docking scores − 6.551. The molecular structure shows the ligand contacts distance values with the residues of acid-beta-glucosidase. Here, residue TYR 40 shows interaction with the ligand. This interaction map has displayed the kinds of contacts involved between ligand and target. From this interaction map examination TYR 40 residue is formed h-bond side chain contact with ligand oxygen group. And also this map displayed ligand main compound was formed two Pi-Pi stacking contacts with the target PHE 31 and PHE 426 (Fig. 6 ). In addition our study displayed the hydrophilic and hydrophobic area of each ligands. Hydrophobic collaborations include contacts between non-polar parts of the particle. In protein-ligand buildings non-polar parts at the communicating surfaces are covered upon ligand binding the target site. The hydrophobic associations are in this way entropy-driven and have been vital part in ligand binding cavity (Bissantz et al. 2010; Bohm 2003) . The relationship between detention of non-polar surface region and tying liking is deep-rooted. This analysis suggests that upgrading non-polar contacts of ligand groups in hydrophobic protein takes results in more tightly tying to protein particle. The electrostatic energy is a binding interface and important for complex formation from protein to the ligand. The major electrostatic interactions consist of hydrogen bonds (side and back chain), salt bridges, and Pi-Pi stacking. A hydrogen bond is one of the most important roles for biological macromolecules interaction, recognized for conferring stability to the protein molecule and to ligand (Hubbard and Haider 2010) . Generally, hydrogen bonds occur in two kinds of electronegative atoms like donor and acceptor, (1) the donor has a covalent hydrogen atom, whereas the other (2) acceptor has a lone pair of electrons. Acceptor has a lone pair of electrons. The effective electrostatic attraction is arises from good-looking interaction flanked by the partial positive charge on the hydrogen atom and partial negative charge on the acceptor.
Synthetic drugs
Two synthetic drugs Eliglustat and Miglustat were showed minimal docking scores with fewer hydrogen bond contacts (Table 2) . Miglustat has recommended treating mild to average problems of type I gaucher disease. Despite it can cross the blood-brain barrier, Despite it can cross the blood-brain barrier, which proven as to be not helpful in neuropathic lines of type III gaucher disease (Schiffmann et al. 2008) . Hollak et al. (1995) reported that miglustat is having adverse effects, which includes diarrhoea, weight loss, tremors and parenthesis as well. In case of the overdose of miglustat pill is causing adverse effects during the treatment. The overdose of adverse effects 
ADME analysis
In the earlier step of drug discovery physico-chemical properties were seen in order to find the vital properties to affecting the biological functions (ADME). In this analysis some important physic-chemical properties were listed such as permeability, solubility, lipophilicity, integrity and stability. But, the concept of absorption, distribution, metabolism and excretion (ADME) shows the toxicity level of small molecules (Pajouhesh and Lenz 2005; Mondal et al. 2009 ). At the initial stage of drug discovery not only the several end points related to potential hazardous effects that made an impact on drug efficiency and drug toxicity was not estimated but also carcinogenicity and mutagencity of a drug. Right from the beginning of drug discovery in silico method has been used to give an accurate prediction of pharmacokinetic properties for instant ADMET (Krafft et al. 2011) .
Conclusions
The present study was focussed on gaucher disease, a lysosomal disorders that affects human beings due to the inadequacy of β-glycosidase. Currently, enzyme medication is the only treatment option available and it seems to be very expensive. These kinds of treatments are not available for rural people and they are unaware of the same due to lack of facilities in hospital. But, β-glycosidase balanced sources are available in naturally growing medicinal plants and their parts. Hence, present computational studies found few effective phyto-chemicals and their mode of interaction. It's found that (−)-epicatechin have a better docking score and it was showed good binding affinities with the target. It is concluded that the phytocompound have a better drug candidate for gaucher disease. In vitro and in vivo evaluation will be essential and we hope this computational result will be helpful to proceed further with the effective drug development.
